INTRODUCTION
The smut fungi in a broad sense (Ustilaginomycotina) contain more than 1 600 plant parasitic species in two major classes, the Ustilaginomycetes, the smut fungi in a strict sense and the Exobasidiomycetes, many of which do not cause typical smut symptoms with huge amounts of blackish spores being shed from sori in their host plants. Two more classes have been proposed recently (Wang et al. 2014 ), but as they might be embedded within the Exobasidiomycetes (Wang et al. 2015) or the sister group to the Ustilaginomycetes (Mishra et al. 2018 ), we do not treat them as separate classes here. Entyloma (Entylomatales, Exobasidiomycetes) is a species-rich genus with species that cause mostly inconspicuous, white to brown leaf spots. Entyloma currently comprises 172 species, restricted to dicotyledonous host plants belonging to 26 families (Vánky 2012 , Denchev et al. 2013 , Savchenko et al. 2014a , RooneyLatham et al. 2017 , Savchenko & Carris 2017 . Because of their simple spore morphology, species delimitation in Entyloma is difficult (Savile 1947) . A combination of spore morphology and host plant species is currently the most useful way to delineate species of Entyloma (Vánky 1994 (Vánky , 2012 . Molecular phylogenetics has resolved species boundaries for many smut fungi (Vánky & Lutz 2007 , Piątek et al. 2011 , 2015a , b, 2016 , Savchenko et al. 2013 , 2014a , b, Vasighzadeh et al. 2014 , Li et al. 2017 , Kruse et al. 2018 , including Entyloma (Begerow et al. 2002 , Vánky & Lutz 2010 , Savchenko et al. 2014a , Lutz & Piątek 2016 . However, sequences of many Entyloma species are poorly represented in publicly available databases and many currently recognised species lack sequence data. Considering the narrow host specificity for the species occurring on Ficaria, it is remarkable that these three Entyloma species are reported from about 46 mostly yellow flowered Ranunculus species, worldwide (Savchenko et al. 2012 , Vánky 2012 . Entyloma microsporum and E. ranunculi-repentis have the widest reported host range with 30 and 26 different Ranunculus host species, respectively (Vánky 2012) . However, it is still to be demonstrated, whether these Entyloma species are indeed generalist species, like some biotrophic pathogens (Choi et al. 2009 , Runge et al. 2011 , Scholler et al. 2011 , Morin et al. 2012 , or represent complexes of specialised species that justify earlier attempts to split them into several species with narrow host spectra, specifically Caeoma bullosum on R. chaerophyllos and E. pygmaeum on R. pygmaeus (Saccardo 1915 , Ciferri 1928 , E. ranunculacearum on R. acris, E. ranunculi-scelerati on R. sceleratus, E. ranunculorum on R. auricomus, and E. wroblewskii on R. polyanthemos (Kochman 1934 , 1936 , Liro 1938 . Only a small number of Entyloma spp. on Ranunculus species have been included in phylogenetic analyses (e.g., Begerow et al. 2000 , 2002 , 2006 , Savchenko et al. 2014a , Savchenko & Carris 2017 .
The aim of this study was to resolve the species boundaries of Entyloma species on Ranunculus, based on the combination of morphological, biological, and molecular markers, including four loci (ITS, atp2, ssc1, and map) . For this, a broad set of host-fungus combinations was studied, including Entyloma specimen from eleven different Ranunculus species, mostly from Germany but also from the Mediterranean (Greece, Italy, Slovenia, Spain), and Central Europe (Austria, Poland, Slovakia).
MATERIALS AND METHODS

Specimen sampling, documentation, and nomenclature
This study is based on morphological and/or phylogenetic analyses of 96 Entyloma specimens from eleven different Ranunculus species and one Ficaria species that were either collected in different regions of Europe or obtained from private herbaria (Table 1) . They were deposited in the herbarium Senckenbergianum Görlitz (GLM) and in the herbarium of the W. Szafer Institute of Botany, Polish Academy of Sciences, Kraków (KRAM F). The nomenclature of the host plant species is according to Euro+Med PlantBase (Euro+Med 2006 -onwards), the nomenclature of the fungi is according to Index Fungorum (http://www.indexfungorum.org/) and Vánky (2012) . The Entyloma microsporum complex and the E. ranunculirepentis complex are defined as species complexes having sori forming swollen pustules filled with spores with cracked surfaces and sori forming flat leaf spots with tissue-embedded smooth spores, respectively.
Morphological examination
The morphology of sori and spores was studied using dry herbarium specimens. For each of the host species of the two presumed complexes, up to five specimens were analysed in detail, using those specimens for which four loci (ITS, atp2, ssc1, and map) Preparations for light microscopy (LM) were done as follows. Thin freehand sections of sori with spores and conidiophores and conidia (if present) were mounted in 80 % lactic acid, heated to the boiling point, and then immediately examined using a Nikon Eclipse 80i light microscope (Nikon) at ×1000. Thirty spores were measured using the Nikon NIS-Elements BR 3.0 imaging software (Nikon). Measurements were rounded to the nearest 0.5 µm. LM micrographs were taken with a Nikon DSFi1 camera (Nikon). The species descriptions include combined values from all analysed specimens of the respective species.
DNA extraction, primer design, PCR, and sequencing
Genomic DNA was isolated from 96 Entyloma herbarium specimens (Table 1 ). For methods regarding isolation, homogenisation of fungal material, and DNA extraction see Lutz et al. (2004) as well as Kruse et al. (2017a) . PCR amplification of the complete ITS nrDNA (internal transcribed spacers) was performed with the conditions outlined in White et al. (1990) , using M-ITS1 (Stoll et al. 2003) as forward and ITS4 (White et al. 1990) or smITS-R2 (Kruse et al. 2017a ) as reverse primers. Plant ITS was amplified using primer pair ITS1P/ITS4 (Ridgway et al. 2003) with an annealing temperature of 53 °C.
The amplification of the atp2 (ATP synthase subunit 2) locus was done according to Kruse et al. (2017b) , using the F8/R4 primer combination with an annealing temperature of 54 °C. For the ssc1 (member of the heat shock protein family) and map (methionine aminopeptidase) locus used in Kruse et al. (2017b) two new primer sets specific for the Exobasidiomycetes were designed in this study on the basis of unpublished genome sequences of Exobasidium vaccinii and Pseudomicrostroma juglandis. The set of primers designed along the lines described in Kruse et al. (2017b) was tested on a variety of Exobasidiomycetes genera (Entyloma, Exobasidium, and Tilletia) and Ustilaginomycetes (Urocystis) with an annealing temperature of 53 °C. For the primer combinations providing best results gradient PCRs were conducted (50 °C to 60 °C and 60 °C to 72 °C) using Entyloma sp. samples and the optimal temperature was selected based on amplification strength and the absence of unspecific amplification. For the amplification of the ssc1 locus of Entyloma spp. this revealed the optimal primer pair to be ssc1_F3ex (5'GWGGWGAAGACTTYGACTTGT3') and ssc1_ R5ex (5'ACACCACCYTGRATSGAAGC3') with an annealing temperature of 58 °C. For the amplification of the map locus of Entyloma spp. map_F3ex (5'AGYTGCTRATRTCGTTCCAC-CA3') and map_R3ex (5'CCAYGCCAAYTTGGCCAAGAC3') with an annealing temperature of 60 °C gave the best results.
PCR conditions were according to Kruse et al. (2017b) , but with 46 PCR cycles. The resulting amplicons were sequenced at the sequencing laboratory of the Senckenberg Biodiversity and Climate Research Centre (BiK-F, Senckenberg, Germany) using the primers used in PCR, except for the map_F3ex / map_R3ex amplicons which were sequenced with a shortened reverse primer: map_R3exShort (5'CCAAYTTGGCCAAGAC3'). Sequences were deposited in GenBank (accession numbers are given in Table 1 ).
Molecular phylogenetic reconstruction
In total 91 ITS, 91 atp2, 64 ssc1, and 64 map sequences from Entyloma species affecting members of the genus Ranunculus were used for phylogenetic reconstructions in two different datasets. In addition to Entyloma on Ranunculus some Entyloma species on Ficaria verna were included because initial analyses suggested that Entyloma species on Ficaria verna might belong to the E. ranunculi-repentis complex. The first dataset comprised all four loci for 66 Entyloma specimens.
The second comprised only ITS and atp2 sequences for 96 Entyloma specimens. Alignments were done for each locus independently using MAFFT (Katoh & Standley 2013) v. 7 , employing the G-INS-i algorithm, and subsequently leading and trailing gaps were removed. After this and after checking for supported phylogenetic conflicts between the loci using Minimum Evolution analysis as outlined below, the aligned sequences of the individual loci were concatenated to obtain the datasets for phylogenetic analyses. For dataset 1 the resulting total alignment contained 1 871 characters (ITS: 523, atp2: 480, ssc1: 394, map: 474) for dataset 2 the resulting total alignment contained 1 003 characters (ITS: 523, atp2: 480). The methods for phylogenetic analyses were according to Kruse et al. (2018) for reconstructions using Minimum Evolution, Maximum Likelihood, and Bayesian Inference. To determine diagnostic bases for the different Entyloma species, alignments were checked manually for differences between the different host-fungus combinations. Host plant determination was verified comparing their ITS se quences to those deposited in GenBank (https:// www.ncbi.nlm.nih.gov/genbank/) using BLASTN (Altschul et al. 1997) .
RESULTS
Molecular phylogenetic reconstruction
There were no strongly supported conflicts between the topologies of the trees obtained from single loci. Minimum Evolution, Maximum Likelihood, and Bayesian Analyses yielded consistent topologies for both datasets. The results of the phylogenetic reconstructions based on four and two loci are given in Fig. 1 and Fig. 2 Comparing the results from both datasets, support values for the topology inferred from two loci (ITS and atp2) were mostly lower than from four loci (ITS, atp2, ssc1, and map) , and the topology was generally more resolved in the latter. Within the E. microsporum complex, a group of specimens on both Ranunculus polyanthemos subsp. nemorosus and R. repens, were a sister lineage to specimens on R. acris and R. repens. The specimens on R. paludosus formed the sister group to all specimens mentioned so far. Within the E. ranunculi-repentis complex support values for the relationships of the well-supported host-specific clades were generally low.
Diagnostic bases enable the molecular identification of species given on the basis of a defined alignment (Bennett et al. 2017 , Kruse et al. 2018 ). Diagnostic bases for the different Entyloma species are given as an overview in Fig. 3 and detailed in Table 2 . 
E. ficariae
Entyloma microsporum complex
Entyloma ranunculi-repentis complex 
Morphology
The three major phylogenetic lineages could be distinguished by teliospore surface ornamentation. Spores from species in the E. microsporum complex had a cracked surface; those from the E. ranunculi-repentis complex were smooth; and those from E. verruculosum were verrucose. Species in the E. microsporum complex always formed sori in hard, swollen galls. Most species-specific lineages of the E. ranunculi-repentis complex produced an asexual morph, which was not observed in the E. microsporum and the E. verruculosum complexes. Morphological differences within the two species complexes were generally low. The morphological characterisation of the species is included in species descriptions, depicted in Fig. 4 -16, and summarised in Table 3 .
TAXONOMY
In this section an overview on accepted Entyloma species on Ficaria and Ranunculus is given, and six new species are introduced. We have refrained from designating formal epitypes in the current study. The progress in sequencing technologies has already enabled the sequencing of the whole genome of specimens from the mid-19th century Irish Potato Famine (Yoshida et al. 2013 (Yoshida et al. , 2014 . Thus, it seems to be only a matter of time until cheap and reliable whole genome sequencing from historic specimens will become routine. However, if the historic specimens turn out to be demonstrably devoid of DNA that can be used for sequencing, the reference specimens given in this section could be designated as epitypes.
Entyloma microsporum complex
Entyloma bullosum (Sacc.) J. Kruse, M. Lutz, Piątek & Thines, comb. nov. -MycoBank MB823957; Fig. 4 Basionym. Caeoma bullosum Sacc., Nuovo Giorn. Bot. Ital., n.s. 22: 32.
1915.
Type. Malta, Uied il Kleigha, on Ranunculus 'chaerophyllos' (= R. paludosus), Mar. 1914, A. Caruana-Gatto (type could not be located, probably lost); -Greece, Rhodes, eastern coast, SE of Archangelos, c. 1.5 km S Stegna, Phrygana, northeast slope, N36°11'49" E28°08'06", elevation c. 70 m a.s.l., on Ranunculus paludosus, 9 Mar. 2016, J. Kruse (GLM-F107632 neotype designated here; MycoBank MBT380639; ex-type sequences available in GenBank:
Sori in the leaves, rarely leaf petioles, forming dis tinct, rounded, hard, swollen pustules on leaves, 1-2 mm diam, markedly delineated from the healthy host tissue, at first yellow-greenish, later brownish, usually closed but sometimes old pustules cracked. Spores embedded in the leaf tissue, single, very densely crowded in the intercellular space between the mesophyll cells, which, in older pustules are destroyed; spores subhyaline (in young sori), pale yellow to yellow (in mature sori), very variable in shape and size, globose, subglobose, broadly ellipsoidal, rarely elongated, usually more or less polyangular, (11.5 -)15.0 -21.5(-26.5) × (10.5 -)12.0 -16.5(-19.5) µm (av. ± SD, 18.1 ± 2.9 × 14.9 ± 1.8 µm, n = 150/5), with smooth surface; teliospore wall 2-layered, 2.5 -7.0(-8.0) µm thick (including inner layer c. 0.8 -1.0 µm thick), layers well visible in LM, often with angles, inner layer evenly thickened, outer layer unevenly thickened, spore surface rough or superficially cracked, rarely smooth. Asexual morph not found.
Diagnostic bases -Within the E. microsporum complex there are 19 diagnostic bases across all four loci (Fig. 3 , Table 2 ).
Host plant -Parasitic on Ranunculus paludosus.
Additional specimens examined. Greece, Rhodes, c. 2.8 km NW of Lindos, Phrygana, way up Mountain, hiking path, N36°05'48" E28°03'13", Notes -The smut specimens with swollen pustules on the leaves of Ranunculus paludosus are usually assigned to Entyloma microsporum (Vánky 2012) , but the molecular analyses in the present study reveal that they form a distinct lineage, for which the name Caeoma bullosum is available. This species was described by Saccardo (1915) from leaves of Ranunculus Sydow (1924) considered that Caeoma bullosum was identical with E. microsporum. In the protologue, Saccardo (1915) did not provide the author of the name Ranunculus chaerophyllos, and in the current usage this name can be applied to three species, namely R. chaerophyllos, R. gracilis, and R. paludosus, of which only the latter occurs in Malta (Euro+Med 2006 -onwards) . Thus, the host plant for Caeoma bullosum is assumed to have been Ranunculus paludosus. No authentic material of this species is currently preserved in the herbarium of P.A. Saccardo deposited in PAD (R. Marcucci, pers. comm.) or in the herbarium of H. Sydow in B (R. Lücking, pers. comm.) . The morphological characters provided in the protologue (swollen sori, 1-2 mm diam, yellow, angular, globose, as well as ellipsoidal spores 20 -23 × 18 -20 µm, spore wall of 3 -5 µm thickness with a more or less warty surface; -excerpt from the Latin description) agree well with the morphology of the specimens analysed in the current study. Therefore, a neotype was designated from among the sequenced specimens to fix the application of this name. Entyloma bullosum differs from the other currently recognized species in the E. microsporum complex by a larger mean spore size and thicker spore walls.
Entyloma microsporum (Unger) J. Schröt., in Rabenhorst, Fungi Europ. no. 1872 . 1874 Basionym 
* / = instead of; x = no diagnostic bases; o. = or. Table 2 The diagnostic bases within the Entyloma microsporum complex and the Entyloma ranunculi-repentis complex, apart from the type host of the respective complex. Sori in the leaves, rarely leaf petioles, on the leaves forming distinct, rounded or elongated, hard, swollen pustules, 1-6 mm diam, markedly delineated from the healthy host tissue, at first yellow-cream, later brownish, pustules at first closed but at the maturity cracked. Spores embedded in the leaf tissue, single, very densely crowded in the intercellular space between the mesophyll cells, which in mature pustules are totally destroyed; spores subhyaline or rarely pale yellow, variable in shape and size, globose, subglobose, broadly ellipsoidal, rarely elongated, often more or less irregular, 10.0 -18.5(-24.0) × (9.5 -)10.0 -13.5(-17.5) µm (av. ± SD, 14.6 ± 2.8 × 12.2 ± 1.7 µm, n = 150/5), with smooth or granular context; wall 2-layered, (1.5 -)2.0 -4.5 µm, occasionally 7.0 µm thick (including inner layer c. 0.5-1.0 µm thick), sometimes with angles, layers well visible in LM, inner layer evenly thickened, outer layer evenly or unevenly thickened, spore surface rough or superficially cracked, rarely smooth. Notes -This species has been first described as Protomyces microsporus. In the protologue, Unger (1833) contrasted it with Protomyces macrosporus (Ascomycota, Taphrinales) as a species forming pustules on stems and leaf veins of Ranunculus repens and having very small, rounded and pale sporidia (= spores). De Bary (1874) obtained spore germination of this species and concluded that it is not a member of Protomyces but a smut fungus, for which he described the distinct genus, Entyloma. He introduced the new name Entyloma ungerianum for this species. However, this was superfluous and Schröter (in Rabenhorst 1874) combined the species in Entyloma as E. microsporum. The original material probably does not exist anymore. Piepenbring (2003) could not locate it in BPI, GJO, M, and W. The current species concept of E. microsporum is based on a long tradition of application of this name to any specimen of Ranunculus displaying the characters reported by Unger (1833). However, spore sizes were not reported in the protologue (Unger 1833). Also De Bary (1874) did not provide spore sizes for material examined by him. Schröter (1887) finally measured the spores of this species, reporting the following values: spores 15 -24 µm long and 12 -17 µm wide, wall up to 7 µm thick. Similar counts were reported more recently, e.g., Vánky (1994 Vánky ( , 2012 : spores 11-23 × 10 -16 µm, wall 1-9 µm thick), Scholz & Scholz (1988: spores 10 -25 µm diam, wall 1-9 µm thick), but Kochman (1936) reported that spores were 10 -20 µm diam (with mean 14 µm) and the wall thickness was reported as 1.5 -5 µm. The latter observations are in agreement with our observations, and it seems possible that the larger spore sizes reported by other authors result from the presentation of extreme values without indicating which values predominated in the overall spore counts.
In the phylogenetic analyses the specimens forming swollen pustules on Ranunculus repens clustered in two lineages: one containing the majority of accessions on R. repens and two accessions on R. acris, and the other containing the minority of accessions on R. repens with predominance of accessions on R. polyanthemos subsp. nemorosus. The specimens in both lineages were morphologically similar, and it is not clear to which of the two lineages the name E. microsporum could be applied. Therefore, to stabilize this fungus name we designate a neotype from specimens from the lineage where most accessions on R. repens were placed. The specimens on R. acris were inseparable morphologically and only very weakly separated genetically, and are therefore currently remain in E. microsporum. The specimens forming the second lineage are accommodated in the novel species, E. piepenbringiae. Sori in the leaves, rarely leaf petioles, on the leaves forming distinct, rounded or elongated, hard, swollen pustules, 1-5 mm diam, markedly delineated from the healthy host tissue, at first creamy yellow, later brownish, usually closed but sometimes old pustules cracked. Spores embedded in the leaf tissue, single, very densely crowded in the intercellular space between the mesophyll cells, which in older pustules are totally destroyed; spores subhyaline or rarely pale yellow, variable in shape and size, globose, subglobose, broadly ellipsoidal, rarely elongated, often more or less irregular, (10.5 -)12.0 -17.5(-21.0) × (9.0 -)10.0-15.5(-16.0) µm (av. ± SD, 14.5 ± 2.4 × 12.5 ± 1.4 µm, n = 150/5), with smooth context; wall 2-layered, (1.5-)2.5-4.0(-6.0) µm thick (including inner layer c. 0.7-1.0 µm thick), sometimes with angles, layers well visible in LM, inner layer evenly thickened, outer layer evenly or unevenly thickened, spore surface rough or superficially cracked, rarely smooth. Asexual morph not found.
Entyloma piepenbringiae
Host Notes -The specimens on Ranunculus polyanthemos subsp. nemorosus and R. repens were morphologically similar and clustered together, and are therefore considered as belonging to the same species.
Entyloma ranunculi-repentis complex
Entyloma eburneum (J. Schröt.) J. Kruse Sori in the leaves, forming very distinct, flat, rounded, polyangular or irregular spots, 0.5 -4 mm long, 0.5 -2 mm wide, usually partly delineated by the leaf veins of the host, at first whitish or cream-coloured due to the presence of the conidiophores and conidia of the asexual morph, later pale brown on both sides of the leaf. Spores embedded in the leaf tissue, single, loosely scattered or moderately densely crowded in the intercellular space between the mesophyll cells; spores pale yellow to yellow, globose, subglobose or rarely broadly ellipsoidal, regular in shape, (9.5-)11.0-13.5(-16.0) × (9.0-)9.5-13.5(-14.5) µm (av. ± SD, 12.3 ± 1.4 × 11.3 ± 1.3 µm, n = 200/6), with smooth context; wall 2-layered, 1.0-1.5(-2.0) µm thick (including inner layer c. 0.5 -0.8 µm thick), without angles, layers well visible in LM, both layers evenly thickened, spore surface smooth. Asexual morph entylomella-like, very well developed. Caespituli both hypophyllous and epiphyllous, conidiophores in dense, agglutinated fascicles, emerging through stomata, hyaline, conidiogenous loci inconspicuous. Conidia solitary, hyaline, dimorphic, cylindrical, straight or somewhat curved, 15 -22 × 2.5 -4.0 µm, and acicular, straight or somewhat curved, 30.0 -45.0(-60.0) × (2.0 -)2.5 -3.5 µm, non-septate, hilum inconspicuous, not darkened.
Host Notes -The Entyloma species on Ranunculus repens causing flat spots is usually referred to as Entyloma ranunculi-repentis, which is the earliest available name for the teleomorph (Vánky 2012) . Ramularia gibba (= Entylomella gibba) was considered to be the earliest name for the asexual morph (Braun 1998 , Vánky 2012 , which is an earlier name than Entyloma ranunculirepentis, and following the 'one fungus, one name rule' (Hawksworth et al. 2011), Rossman & Castlebury (in Rossman et al. 2016) proposed the new combination Entyloma gibbum. However, they were apparently not aware that the original description and type material of Ramularia gibba were based on mixed elements of two fungi: the entylomella-like asexual morph of E. eburneum, and the sexual morph of E. microsporum. Due to the inseparable chimeric description and material, Kruse & Thines (2017) proposed the rejection of Ramularia gibba. The oldest available name for a flat-spotting Entyloma species on Ranunculus repens is Fusidium eburneum. This species has been described by Schröter (1877) for a conidial fungus on Ranunculus repens resembling the conidial state of Entyloma ranunculi (= Entyloma ficariae), producing whitish or yellowish spots, 1.5 -2 mm diam and having hyaline, filamentous conidia 40 -50 µm long and 2.5 -3.0 µm wide. This morphological characterisation agrees well with the morphology of the asexual state in the holomorphic specimens analysed in the current study. Schröter (1877) did not observe corresponding Entyloma-like spores in the leaves. He thus might have analysed a young infection in which leaf spots and conidia are prominently developed, but teliospores are lacking. Fusidium eburneum is an earlier name than Entyloma ranunculi-repentis, and in line with the current International Code of Nomenclature for algae, fungi, and plants (McNeill et al. 2012 ) should be applied for the holomorph. In the protologue, Schröter (1877) did not provide a specific localization of the collected material, but in the monograph dealing with Silesian fungi (Schröter 1887), he enumerated several collections from Silesia. Authentic material of Fusidium eburneum is not preserved in the herbarium of J. Schröter deposited in WRSL (M. Halama, pers. comm.). Likewise, we could not locate any original material in other herbaria where some specimens of J. Schröter might have been deposited (e.g., in HBG; T. Feuerer, pers. comm.). Therefore, we are designating a neotype from among the specimens that were sequenced in this study. The neotype represents a holomorphic specimen with an asexual morph having characters that perfectly fit with the description in the protologue.
The present molecular and morphological analyses suggest that Entyloma specimens on Ranunculus bulbosus, R. polyanthemos subsp. nemorosus, and R. repens p.p. represent a single species. Entyloma on Ranunculus polyanthemos was Macroscopic symptoms of infection; c -e. spores, as seen in light microscopy; f. conidiophores emerging through the stoma, as seen in light microscopy; g -i. cylindrical conidia (with one conidiophore on 'h'), as seen in light microscopy; j -l. acicular conidia, as seen in light microscopy (from neotype). -Scale bars = 10 µm.
previously described as a distinct species, Entyloma wroblewskii (Kochman 1934) , which is considered as synonym with Entyloma eburneum, here. In the protologue of E. wroblewskii, Kochman (1934) reported one collection on Ranunculus polyanthemos collected in September 1933 in Anin near Warszawa (now within the borders of Warszawa) in Poland. In the herbarium KRAM F there are three specimens of E. wroblewskii having labels matching all information from the protologue, with the exception that the date of collection is given precisely as 15 September 1933 -these specimens apparently represent one original gathering. The label on one of these specimens is written in Latin and the species name is given as 'Entyloma Wróblewskii n. sp. Kochman' -this specimen should be considered as holotype. The labels on two remaining specimens are written in Polish and lack 'n. sp.' next to the species name -these specimens should be considered as isotypes. Vánky (2012) Sori in the leaves, forming distinct flat spots, 0.5 -3 mm long, 0.5-2 mm wide, rounded or more or less polyangular -usually well delineated by the leaf veins of the host, at first creamcoloured, later brownish on both sides of the leaf, finally necrotic. Spores embedded in the leaf tissue, single, densely crowded in the intercellular space between the mesophyll cells; spores subhyaline to pale yellow, globose, subglobose or broadly ellipsoidal and often somewhat irregular due to mutual pressure, 10.5-15.5(-16.5) × 10.0-13.5(-14.5) µm (av. ± SD, 13.2 ± 1.4 × 11.6 ± 1.1 µm, n = 60/2), with smooth context; wall 2-layered, 1.5 -2.0 µm thick (including inner layer c. 0.5 -0.8 µm thick), layers well visible in LM, inner layer evenly thickened, outer layer unevenly thickened, spore surface smooth. Asexual morph not found.
Diagnostic bases -Within the E. ranunculi-repentis complex there are seven diagnostic bases distributed among all loci (Fig. 3, Table 2 ). Notes -This species differs from most other species in the E. ranunculi-repentis complex by having larger spores with larger mean spore sizes, somewhat thicker spore walls, and lacking the asexual morph. Entyloma savchenkoi is the most similar species that differs in having an asexual morph.
Entyloma klenkei J. Kruse, M. Lutz, Piątek & Thines, sp. nov. -MycoBank MB824514; Fig. 9 Etymology. Named after Friedemann Klenke (Naundorf, Germany), for his eminent contributions as field mycologist to the knowledge on plant pathogenic fungi, e.g. as the lead author of the reference work Pflanzenparasitische Kleinpilze (Klenke & Scholler 2015 Sori in the leaves, forming indistinct, flat, polyangularly rounded spots, 1.5-2 mm diam, dirty yellow in colour. Spores embedded in the leaf tissue, single, loosely scattered in the intercellular space between the mesophyll cells; spores subhyaline to pale yellow, globose or subglobose, regular in shape, 10.5 -13.0 × 10.0 -12.5 µm (av. ± SD, 11.7 ± 0.9 × 11.1 ± 0.7 µm, n = 30/1), with smooth context; wall 2-layered, 1.0-1.8 µm thick (including inner layer c. 0.5 µm thick), without angles, layers hardly visible in LM, both layers evenly thickened, spore surface smooth. Asexual morph not found.
Diagnostic bases -Within the E. ranunculi-repentis complex there are six diagnostic bases distributed among all loci except ITS (Fig. 3, Table 2 ).
Host plant -Parasitic on Ranunculus marginatus.
Notes -This species differs from most other species in the E. ranunculi-repentis complex by the combination of small spores (with thin walls), which are loosely scattered between leaf mesophyll cells, and lacking an asexual morph. The most similar species is Entyloma thielii, which differs in having densely crowded spores, often in compact groups, in the intercellular space between the mesophyll cells.
Entyloma kochmanii J. Kruse, M. Lutz, Piątek & Thines, sp. nov. -MycoBank MB824515; Fig. 10 Etymology. Dedicated to the memory of Józef Kochman (1903 Kochman ( -1995 , Polish smut taxonomist, who first challenged the view that Entyloma specimens on Ranunculus represent just three species.
Type. italy, Liguria, Varavalley, c. 2 km NE of Caranza, Strada Provinciale from Caranza to Passo della Cappelletta, alluvial canyon forest, N44°23'33" E09°38'44", elevation c. 840 m a.s.l., on Ranunculus lanuginosus, 9 May 2016, J. Kruse (GLM-F107660 holotype; ex-type sequences available in GenBank: MF924678 (ITS), MH022802 (atp2), MF939309 (ssc1), MF939243 (map)).
Sori in the leaves, forming small, moderately distinct, flat, rounded or somewhat polyangular spots, 0.5-1 mm diam, usually delineated by the leaf veins of the host, yellow or cream-coloured on the upper side of the leaf, whitish on the lower side of the leaf due to the presence of the conidiophores and conidia of the asexual morph. Spores embedded in the leaf tissue, single, loosely scattered in the intercellular space between the mesophyll cells; spores pale yellow, globose or subglobose, regular in shape, (9.0 -)11.0 -13.0 × (9.0 -)10.0 -12.5 µm (av. ± SD, 11.7 ± 0.9 × 10.9 ± 0.8 µm, n = 30/1), with smooth context; wall 2-layered, 0.5 -1.5 µm thick (including inner layer c. 0.2 -0.5 µm thick), without angles but sometimes with hyaline appen- dage, layers hardly visible in LM, both layers evenly thickened, spore surface smooth. Asexual morph entylomella-like, weakly developed. Caespituli hypophyllous, conidiophores in dense fascicles, emerging through stomata, hyaline, conidiogenous loci inconspicuous. Conidia solitary, hyaline, cylindrical, 20-24 × 3.0 -3.5(-4.0) µm, non-septate, hilum inconspicuous, not darkened.
Diagnostic bases -Within the E. ranunculi-repentis complex there are three diagnostic bases distributed among all loci, except map (Fig. 3, Table 2 ).
Host plant -Parasitic on Ranunculus lanuginosus.
Notes -This species differs from most other species in the E. ranunculi-repentis complex by the combination of small spores (with thin walls) and cylindrical conidia. Entyloma ranunculacearum differs in having shorter conidia, while E. ranunculorum differs in having longer conidia. Kochman, Pl. Polon. 4: 105. 1936 - Fig. 11 Type. ukraine, district Mościska, Krukienice, on Ranunculus acris, 17 Aug. 1935, J. Kochman (KRAM F-2606 lectotype indicated by Lindeberg 1959: 41, but precisely designated here; MycoBank MBT380645).
Entyloma ranunculacearum
Reference specimen. GerMany, Saxony-Anhalt, county Wittenberg, Kemberg, district Rotta-Gniest, Heidestreet, wayside, N51°45'04" E12°35'33", elevation c. 105 m a.s.l., on Ranunculus acris, 13 Nov. 2013, J. Kruse (GLM-F107680 reference specimen designated here; ex-reference specimen sequences available in GenBank: MF924637 (ITS), MH022761 (atp2), MF939280 (ssc1), MF939214 (map)).
Sori in the leaves, forming distinct, flat, rounded or somewhat irregular spots, 0.5-4 mm diam, usually partly delineated by the leaf veins of the host, yellowish on the upper side of the leaf, whitish on the lower side of the leaf due to the presence of the conidiophores and conidia of the asexual morph. Spores embedded in the leaf tissue, single, loosely scattered in the intercellular space between the mesophyll cells; spores subhyaline to pale yellow, globose, subglobose or rarely broadly ellipsoidal, regular in shape, 10.0 -13.5(-14.5) × (9.0 -)10.0 -12.5(-13.5) µm (av. ± SD, 11.8 ± 1.1 × 10.9 ± 0.8 µm, n = 150/5), with smooth context; wall 2-layered, 0.8 -1.5 µm thick (including inner layer c. 0.3 -0.5(-0.8) µm thick), without angles, layers hardly visible in LM, both layers evenly thickened, spore surface smooth. Asexual morph entylomella-like, prominently develop ed. Caespituli hypophyllous, coni diophores in dense, agglutinated fascicles, emerging through stomata, hyaline, conidiogenous loci inconspicuous. Conidia solitary, hyaline, cylindrical, straight, sometimes slightly curved, (10-)15-19(-25) × 2.5 -3.5(-4.0) µm, non-septate, hilum inconspicuous, not darkened.
Diagnostic bases -Within the E. ranunculi-repentis complex there are four diagnostic bases within the ssc1 locus (Fig. 3 , Table 2 ).
Host plant -Parasitic on Ranunculus acris.
Additional specimens examined. GerMany, Baden-Württemberg, county Konstanz, Lake Constance, Radolfzell, SE of Möggingen, Mindelsee, circular path around lake, littoral and wayside, elevation c. 420 m a.s. Notes -When describing this species, Kochman (1936) reported three collections: two on R. acris and one on R. lanuginosus. In the Polish text he wrote that the typical form of this species infects R. acris and an additional host is R. lanuginosus. In the Latin diagnosis, Kochman (1936) reported only R. acris as type host without an indication of the specific collection. Lindeberg (1959) designated the lectotype from one of the two collections on R. acris (collected in 1935 in Krukienice, district Mościska, then in Poland but now in Ukraine), but she did not mention where the specimen was deposited. This specimen is currently preserved in the herbarium KRAM F. Kochman (1936) reported the date of collection as 1935, but on the lectotype specimen the exact date is given as 17 August 1935. Entyloma sp. on R. lanuginosus belongs to a distinct species, described here as E. kochmanii, which is phylogenetically closely related but distinct from E. ranunculacearum in having longer conidia. Kochman, Pl. Polon. 4: 104. 1936 -Fig. 12 Type. Poland, Skierniewice-Glinianki, on Ranunculus sceleratus, Reference specimen. Poland, Mazowieckie Province, Warszawa-Wesoła, on Ranunculus sceleratus, 17 July 2015, P. Mędykowski (KRAM F-59032 reference specimen designated here; ex-reference specimen sequences available in GenBank: MF924691 (ITS), MH022815 (atp2)).
Entyloma ranunculi-scelerati
Sori in the leaves, forming distinct, flat, rounded spots, 1-4 mm diam, yellow or light brown on the upper side of the leaf, whitish or cream coloured on the lower side of the leaf due to the presence of the conidiophores and conidia of the asexual morph, surrounded by brownish rim, finally necrotic -starting from the centre of the sori. Spores embedded in the leaf tissue, single, loosely scattered in the intercellular space between the mesophyll cells; spores subhyaline, pale yellow or yellow, globose or subglobose, regular in shape, (9.5 -)10.0 -12.5(-13.5) × (9.0 -)10.0 -12.5(-13.0) µm (av. ± SD, 11.7 ± 0.9 × 11.0 ± 0.9 µm, n = 150/5), with smooth context; wall 2-layered, 1.0-1.5 µm thick (including inner layer c. 0.3-0.8 µm thick), without angles, layers hardly visible in LM, both layers evenly thickened, spore surface smooth. Asexual morph entylomella-like, prominently developed. Caespituli both hypophyllous and epiphyllous, conidiophores in dense fascicles, emerging through stomata, hyaline, conidiogenous loci inconspicuous. Conidia solitary, hyaline, acicular, rarely cylindrical, usually straight, 20 -60 × (2.0 -)2.5 -3.5(-4.0) µm, non-septate, hilum inconspicuous, not darkened.
Diagnostic bases -Within the E. ranunculi-repentis complex there are 26 diagnostic bases distributed among all loci (Fig. 3, Table 2 ).
Host plant -Parasitic on Ranunculus sceleratus. Entyloma ranunculi-scelerati is most similar to E. eburneum, which differs in having somewhat larger spores and shorter conidia. Liro, Mycoth. Fennic. Die Etiketten. No. 301-600: 25. 1939 -Fig. 13 Synonym. Entyloma ranunculorum Liro, Ann. Acad. Sci. Fenn., Ser. A, 42 (1) Sori in the leaves, forming distinct, flat, rounded or somewhat polyangular spots, 1-4 mm diam, whitish or cream coloured on both sides of the leaf. Spores embedded in the leaf tissue, single, loosely scattered or moderately densely crowded in the intercellular space between the mesophyll cells; spores subhyaline, pale yellow to yellow, globose, subglobose or broadly ellipsoidal, usually regular but sometimes somewhat irregular due H. Jage (GLM-F086008); Bavaria, Oberpfalz, county Grafenwöhr, E of Hütten, littoral of lake, N49°40'52" E11°58'42", elevation c. 410 m a.s.l., on Ranunculus sceleratus, 1 May 2016, G. Hübner (GLM-F107685).
Entyloma ranunculorum
Notes -In the protologue, Kochman (1936) reported two collections on Ranunculus sceleratus: one collected in Skierniewice-Glinianki in 1927 by W. Konopacka, and another, collected in Skierniewice-Zwierzyniec in 1925 by W. Siemaszko, both in Poland. Lindeberg (1959) designated the collection in Skierniewice-Glinianki as the lectotype, but erroneously wrote that the material was collected in 1925 by W. Siemaszko -apparently mixing data from both original collections. Also, Lindeberg (1959) did not mention where the specimen is deposited. Vánky (1985) corrected her mistake and narrowed the lectotype to the specimen in HUV. Kochman (1936) reported the date of collection as 1927 but on the lectotype specimen the exact date is given as 2 July 1927. KRAM F-2628 is a specimen labelled as Entyloma ranunculi-scelerati collected on Ranunculus sceleratus in Skierniewice-Glinianki by W. Konopacka on 28 May 1927. This specimen may represent authentic material but in the light of Vánky's (1985) lectotypification its status remains unclear. to mutual pressure, 10.0-12.5(-14.5) × (9.0-)10.0-12.5(-13.0) µm (av. ± SD, 11.8 ± 0.9 × 10.9 ± 0.9 µm, n = 60/2), with smooth context; wall 2-layered, 1.0-1.5(-1.8) µm thick (including inner layer c. 0.5 -0.8 µm thick), without angles, layers hardly visible in LM, both layers evenly thickened, spore surface smooth. Asexual morph entylomella-like, well-developed. Caespituli hypophyllous, conidiophores in densely agglutinated fascicles, emerging through stomata, hyaline, conidiogenous loci inconspicuous. Conidia solitary, hyaline, cylindrical, usually curved, rarely almost straight, 16-28 × 2.5-3.5(-4.0) µm, non-septate, hilum inconspicuous, not darkened.
Diagnostic bases -Within the E. ranunculi-repentis complex there are six diagnostic bases within ITS and the atp2 locus (Fig. 3, Table 2 ).
Host plant -Parasitic on Ranunculus auricomus.
Additional specimen examined. GerMany, Saxony-Anhalt, E of Dölkau, Burgholz (E-part) Jagen 29, alluvial forest, elevation c. 25 m a.s.l., on Ranunculus auricomus, 19 Apr. 1998, H. Jage (GLM-F048093).
Notes -The most similar species are Entyloma kochmanii and E. ranunculacearum, which differ in having shorter conidia.
Entyloma savchenkoi J. Kruse, M. Lutz, Piątek & Thines, sp. nov. -MycoBank MB824516; Fig. 14 Etymology. Named after Kyrylo G. Savchenko (Pullman, United States), Ukrainian mycologist, for his contributions to Entyloma phylogeny and taxonomy.
Type. Greece, Rhodes, eastern coast, c. 2.5 km N of Kalathos, street towards Masari, wayside, olive grove, N36°08'47" E28°03'33", elevation c. 15 m a.s.l., on Ranunculus paludosus, 20 Mar. 2016, J. Kruse (GLM-F107699 holotype; ex-type sequences available in GenBank: MF924662 (ITS), MH022786 (atp2), MF939300 (ssc1), MF939234 (map)).
Sori in the leaves, forming rather indistinct, flat, rounded or somewhat polyangular spots, 1-3 mm long, 1-2 mm wide, yellow or light brown on the upper side of the leaf, whitish or cream coloured on the lower side of the leaf. Spores embedded in the leaf tissue, single, loosely scattered or moderately densely crowded in the intercellular space between the mesophyll cells; spores subhyaline, pale yellow to yellow, globose, subglobose or broadly ellipsoidal, usually regular but sometimes somewhat irregular due to mutual pressure, (10.0 -)12.0 -16.5(-18.0) × (9.0 -)11.0-14.5(-15.0) µm (av. ± SD, 13.9 ± 1.4 × 12.3 ± 1.2 µm, n = 120/4), with smooth context; wall 2-layered, 1.5 -2.5 (-3.0) µm thick (including inner layer c. 0.5 -1.0 µm thick), without angles, layers well visible in LM, both layers evenly thickened, spore surface smooth. Asexual morph entylomellalike, weakly developed. Caespituli hypophyllous, conidiophores in densely agglutinated fascicles, emerging through stomata, hyaline, conidiogenous loci inconspicuous. Conidia solitary, hyaline, acicular-cylindrical, straight, 25 -40 × 2.5 -3.0(-3.5) µm, non-septate, hilum inconspicuous, not darkened.
Diagnostic bases -Within the E. ranunculi-repentis complex there are four diagnostic bases distributed among all loci, except map (Fig. 3, Table 2 ). Notes -This species is most similar to Entyloma jolantae, which differs in lacking an asexual morph.
Entyloma thielii J. Kruse, M. Lutz, Piątek & Thines, sp. nov. -MycoBank MB824517; Fig. 15 Etymology. Named after Hjalmar Thiel from Jameln (Germany), for his contributions to the knowledge of phytopathogenic fungi and for enabling well-sampled phylogenetic investigations in various plant pathogen groups by his collections. Sori in the leaves, forming indistinct, flat, polyangular spots, 1-3 mm long, 0.5 -2 mm wide, partly delineated by the leaf veins of the host, yellow or light brown on the upper side of the leaf, greyish or cream coloured on the lower side of the leaf. Spores embedded in the leaf tissue, single, densely crowded, often in compact groups, in the intercellular space between the mesophyll cells; spores hyaline, subhyaline to pale yellow, globose, subglobose or broadly ellipsoidal, often somewhat irregular due to mutual pressure, (9.5 -)11.0 -14.5(-16.5) × 9.0 -12.5(-13.0) µm (av. ± SD, 12.5 ± 1.5 × 10.8 ± 1.0 µm, n = 150/5), with smooth context; wall 2-layered, 0.8 -1.5 µm thick (including inner layer c. 0.3-0.5 µm thick), without angles, layers very hardly visible in LM, both layers evenly thickened, spore surface smooth. Asexual morph not found.
Diagnostic bases -Within the E. ranunculi-repentis complex there are 68 diagnostic bases distributed among all loci (Fig. 3, Table 2 ).
Host plant -Parasitic on Ranunculus montanus. Notes -This species differs from the other species in the Entyloma ranunculi-repentis complex in having densely crowded spores, often in compact groups, in the intercellular space between the mesophyll cells. Sori in the leaves, forming indistinct, flat, polyangular spots, 1-5 mm long, 1-3 mm wide, partly delineated by the leaf veins of the host, yellow or light brown on the upper side of the leaf, cream coloured on the lower side of the leaf. Spores embedded in the leaf tissue, single, densely crowded in the intercellular space between the mesophyll cells; spores subhyaline to pale yellow, globose or subglobose, regular in shape, (11.0-)12.0-14.5(-16.0) × (10.5-)11.0-14.5(-15.0) µm (av. ± SD, 13.4 ± 1.4 × 13.1 ± 1.4 µm, n = 30/1), with granular context; wall apparently 1-layered, 1.5 -2.5 µm thick, without angles, spore surface distinctly tuberculate. Asexual morph not found.
Entyloma verruculosum
Host plant -Parasitic on Ranunculus spp. Notes -The specimens of Entyloma verruculosum on the type host (Ranunculus velutinus) were not available for molecular analyses, and the morphological description is based on the sequenced specimen on R. lanuginosus. The smut species was additionally reported on Ranunculus acris, R. repens, and R. sceleratus (Vánky 2012) , which indicates that E. verruculosum may represent a species complex, too, to be resolved in future studies.
DISCUSSION
The analyses of the morphology and molecular phylogenetics presented in this study indicate that most of the Entyloma species on Ranunculus spp. are specific at the host species level. This provides evidence for two more assumed broadrange biotrophic pathogens to be species complexes, rather than single species, similar to the situation observed in other pathogens (e.g., Lutz et al. 2005 , Beenken et al. 2012 , Scholler et al. 2016 , Kruse et al. 2018 , Ziegler et al. 2018 . The three major lineages found within Entyloma (the E. microsporum complex, the E. ranunculi-repentis complex, and E. verruculosum) are readily distinguished by telio spore surface ornamentation. Species in the E. microsporum complex have cracked spore surfaces, those in the E. ranunculi-repentis complex are smooth, and spores of E. verruculosum are verrucose. In addition, species in the E. microsporum complex cause swollen galls readily distinguishing them from the other two lineages. Entyloma verruculosum, for which we examined only a single specimen, may represent yet another complex to be resolved in future studies, as it has been reported on five different Ranunculus species (Vánky 2012) .
For the Entyloma ranunculi-repentis complex the four-gene dataset (with ITS, atp2, ssc1, and map sequences) recovered 11 mostly highly supported host-specific lineages (nine on Ranunculus spp. and two on Ficaria verna). These lineages are also correlated with (sometimes subtle) morphological characters. The most informative morphological and biological characters were the arrangement of spores within the leaf spot; size of spores; mean size of spores; spore wall thickness; presence of an asexual morph; and the shape and size of conidia (see Table 3 ).
For some of the lineages in the E. ranunculi-repentis complex validly published names are available, previously often listed as synonyms of E. ranunculi-repentis s.lat. (Vánky 2012) . The results of this study support E. ranunculacearum (on R. acris), E. ranunculi-scelerati (on R. sceleratus), and E. ranunculorum (on R. auricomus) as distinct species (Kochman 1936 , Liro 1938 . For six other lineages, each associated with a single host plant species, new species were introduced.
In addition to these host-specific Entyloma species, one additional clade with specimens from related species ), R. bulbosus, R. polyanthemos subsp. nemorosus, and R. repens, has been assigned to a new combination in Entyloma for Fusidium eburneum. Further study is needed to determine if this clade represents a recently-differentiated species complex. If it contained distinct species, the name Entyloma wroblewskii (Kochman 1934) could be adopted for the Entyloma pathogen on Ranunculus polyanthemos. As even more loci or microsatellites would be needed to resolve this question, we have taken a conservative approach, considering the whole clade to represent E. eburneum.
The species Ramularia gibba, which was thought to be connected with the asexual morph-forming species of Entyloma on Ranunculus repens (Braun 1998) , is a chimera that contains the diagnostic features of both the E. microsporum and the E. ranunculi-repentis species complexes (De Bary 1874). An inspection of the type specimen revealed a dual infection was present on the leaves, explaining the chimeric nature of the description. Consequently, the name cannot be applied to a species in either group and has been proposed for rejection (Kruse & Thines 2017) .
There was less resolution of species in the E. microsporum complex than in the E. ranunculi-repentis complex with the four loci used in the present study. However, as specimens from Ranunculus paludosus were clearly distinct, the name Caeoma bullosum should be reinstated in its combination in Entyloma. The additional two clades found in the E. microsporum complex were each represented by specimens from different host species. Both lineages include morphologically similar specimens and both include specimens from Ranunculus repens, the type host of Entyloma microsporum. To fix the application of the name E. microsporum, a neotype was selected from among the specimens in the clade containing most accessions on Ranunculus repens, and a new species is introduced for the specimens of the other clade. Both clades with specimens from Ranunculus repens showed some internal differentiation according to the host species and thus might be revealed to be species complexes in future studies.
The relationships of the Entyloma species covered in this study do not correspond to the relationships of the respective hosts . It is, thus, conceivable that, similar to the situation in obligate biotrophic downy mildews (Choi & Thines 2015) , species of Entyloma do not diversify by long-term coevolution, but rather by host jumps, subsequent radiation, and finally specific adaptation, leading to diversification into distinct species. As there are numerous additional hosts for Entyloma in the genus Ranunculus (Vánky 2012 ) that could not be included in the current study, it seems likely that additional species await discovery and more detailed patterns regarding the evolution of Entyloma await revelation.
